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(57) ABSTRACT 

Agreen pixel is provided with an organic EL element having 
an emissive layer which emits green light, but is not pro 
vided with a color filter. On the other hand, red and blue 
pixels comprise organic EL elements having an emissive 
layer which emits white light. The white emissive layer is 
composed of a lamination of an orange organic emissive 
layer and a blue organic emissive layer. The red and blue 
pixels are further provided with red and blue color filters, 
respectively, to limit the emitted white light to those colors. 
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ORGANIC EL PANEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The priority Japanese applications No. 2003 
342485 and No. 2004-275672 upon which this patent appli 
cation is based is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an organic EL 
panel formed by arranging a plurality of organic EL ele 
ments each comprising an organic layer provided between 
first and Second electrodes and emitting light when a Voltage 
is applied between the first and Second electrodes. 
0004 2. Description of the Related Art 
0005. In recent years, organic electroluminescence (here 
inafter referred to as “EL) displays have gained attention as 
one type of flat display which would replace liquid crystal 
displays in the coming generation. In a display panel of an 
organic EL display (hereinafter referred to as “organic EL 
panel”), the color of light emitted from each pixel may be 
determined depending on the emissive material used in the 
organic emissive layer of each pixel. By allowing the pixels 
to emit light of different colors using different emissive 
materials, RGB indication can be achieved. 
0006. However, when employing this method, it is diffi 
cult to ensure uniform light emission for all colors because 
the emissive materials for different colors have different 
emissive efficiency. 
0007. In order to achieve full color indication, another 
method for determining pixel colorS is proposed in Japanese 
Patent Laid-Open Publication No. 2003-115382. In this 
method, light of a Single color alone is initially emitted, and 
color filters are employed to obtain light of other colors. 
However, according to this method, it is difficult to achieve 
Sufficient emissive efficiency for the respective colors. 
0008 AS Such, when using conventional organic EL 
elements, there exist difficulties in obtaining uniform emis 
Sive efficiency for the respective colors and achieving appro 
priate white balance. 

SUMMARY OF THE INVENTION 

0009. The present invention provides an organic EL panel 
in which an appropriate balance among different colors can 
be attained easily. 
0010. According to the present invention, in order to 
obtain a specific color, an organic material which emits light 
of that color is employed. For other colors, white light is 
emitted, and color filters are applied to the white light to 
obtain those colors. With this arrangement, emissive effi 
ciency for the respective colors can be made relatively 
uniform. 

0.011 For example, a white emissive layer may be com 
posed of a lamination of an orange emissive layer and a blue 
emissive layer. In this case, the emitted white light has a 
relatively low intensity in green color. As a result, when 
color filters are applied to the emitted white light to obtain 
the three colors of RGB, green light becomes weaker than 
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the other colors. According to the present invention, Such a 
problem can be avoided by employing in a green pixel an 
organic EL element including an organic material which 
emits green light, So as to obtain light having Sufficient 
intensity from the green pixel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a cross-sectional view showing a con 
figuration of a pixel portion of an organic EL panel. 
0013 FIG. 2 shows an example configuration of organic 
EL elements for the respective colors of R, G, and B. 
0014 FIG. 3 is a diagram showing an example spectrum 
of a white-emitting organic EL element. 
0.015 FIG. 4 shows a pixel structure in which a 
microresonator is provided. 
0016 FIG. 5 shows a pixel structure of a white-emitting 
EL element in which a microresonator is provided. 
0017 FIG. 6 shows an example configuration of a top 
emission Structure. 

0018 FIGS. 7-13 are schematic diagrams showing 
example pixel configurations of an organic EL panel accord 
ing to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0019 Preferred embodiments of the present invention 
will next be described referring to the drawings. 
0020 FIG. 1 is a cross-sectional view showing a con 
figuration of a light-emitting region and a drive TFT (thin 
film transistor) within one pixel. It should be noted that each 
pixel actually includes a plurality of TFTs. The drive TFT is 
the TFT which controls a current Supplied from a power line 
to an organic EL element within the pixel. On a glass 
substrate 30, a buffer layer 11 composed of a lamination of 
an SiN layer and an SiO layer is formed over the entire 
Surface. Further on top, an active layer 22 made of polysili 
con is disposed in predetermined areas (where TFTs are to 
be created). 
0021 Covering the active layer 22 and the buffer layer 
11, a gate insulation film 13 is formed over the entire 
surface. The gate insulation film 13 may be formed by 
laminating an SiO layer and an SiN layer. On top of the gate 
insulation film 13 at a position above a channel region 22c, 
a gate electrode 24 composed of chromium or the like is 
arranged. Subsequently, impurities are doped into the active 
layer 22 while using the gate electrode 24 as a mask. AS a 
result of this process, in the active layer 22, the channel 
region 22c without impurities is provided in the central 
portion under the gate electrode 24, while a Source region 
22S and a drain region 22d doped with impurities are formed 
on both Sides of the channel region 22c. 
0022. Next, covering the gate insulation film 13 and the 
gate electrode 24, an interlayer insulation film 15 is formed 
over the entire Surface. Contact holes are then created in the 
interlayer insulation film 15 at positions corresponding to 
the Source region 22S and the drain region 22d located under 
the interlayer insulation film 15. Subsequently, a source 
electrode 53 anda drain electrode 26 are provided through 
these contact holes and on the upper Surface of the interlayer 
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insulation film 15, So as to connect with the Source region 
22S and the drain region 22d, respectively. It should be noted 
that the source electrode 53 is connected to a power line (not 
shown). While the drive TFT formed as described above is 
a p-channel TFT in this example, the drive TFT may 
alternatively be constituted as an n-channel TFT. 
0023 Covering the interlayer insulation film 15, source 
electrode 53, and drain electrode 26, a planarization film 17 
is provided over the entire Surface. On top of the planariza 
tion film 17, a transparent electrode 61 which serves as an 
anode is formed. Further, at a position above the drain 
electrode 26, a contact hole is created through the planariza 
tion film 17. The drain electrode 26 and the transparent 
electrode 61 are connected via this contact hole. 

0024. While an organic film such as acrylic resin is 
typically used to form the interlayer insulation film 15 and 
planarization film 17, it is also possible to employ TEOS or 
an inorganic film. A metal Such as aluminum may be 
favorably used to create the source electrode 53 and drain 
electrode 26. For the transparent electrode 61, ITO is typi 
cally employed. 
0.025 The transparent electrode 61 normally has a Sub 
Stantially rectangular Overall shape with a contacting portion 
protruding laterally and downward through the contact hole 
for connection with the drain electrode 26. 

0026. An organic layer 65 and a counter electrode 66 are 
arranged on top of the transparent electrode 61. The organic 
layer 65 comprises a hole transport layer 62 formed over the 
entire Surface, an organic emissive layer 63 formed slightly 
larger than the light-emitting region, and an electron trans 
port layer 64 formed over the entire surface. The counter 
electrode 66, which Serves as a cathode, is made of metal 
Such as aluminum, and is formed over the entire Surface. 
0027) A planarization film 67 is provided at a position on 
the upper Surface of the peripheral portion of the transparent 
electrode 61 and underneath the hole transport layer 62. The 
planarization film 67 limits the portion at which the hole 
transport layer 62 directly contacts the transparent electrode 
61, thereby defining the light-emitting region in each pixel. 
It should be noted that, while an organic film Such as acrylic 
resin is typically used for the planarization film 67, it is also 
possible to employ TEOS or an inorganic film. 
0028. The hole transport layer 62, the organic emissive 
layer 63, and the electron transport layer 64 are composed of 
materials that are conventionally used in an organic EL 
element. The color of emitted light is determined depending 
on the material (usually the dopant) of the organic emissive 
layer 63. For example, the hole transport layer 62 maybe 
composed of NPB, the organic emissive layer 63 for emit 
ting green light may be composed of Alq+CFDMQA, and 
the electron transport layer 64 may be composed of Alq. 
When using a white organic emissive layer 63, the organic 
emissive layer 63 may include a blue organic emissive layer 
63 composed of TBADN+NPB and an orange organic 
emissive layer 63O composed of NPB+DBZR. 
0029. According to the present embodiment, a green 
emissive layer or a white emissive layer is employed as the 
organic emissive layer 63 in each pixel. FIG. 1 illustrates a 
case in which a white emissive layer is employed. AS 
detailed below, a white emissive layer is formed as a 
laminated Structure composed of an orange emissive layer 
and a blue emissive layer. 
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0030. In the above-described arrangement, when the 
drive TFT is turned on by a voltage set in the gate electrode 
24, current from the power line flows from the transparent 
electrode 61 to the counter electrode 66. This current causes 
light emission in the organic emissive layer 63. The emitted 
light passes through the transparent electrode 61, planariza 
tion film 17, interlayer insulation film 15, gate insulation 
film 13, and glass substrate 30, to be ejected downward in 
FIG. 1. 

0031. According to the present embodiment, a color filter 
70 is further provided in a layer between the interlayer 
insulation film 15 and the planarization film 17. The color 
filter 70 may be composed of a material such as a photo 
Sensitive resin or polymer having a pigment mixed therein, 
Similarly to color filters used in a liquid crystal display and 
a CCD camera. 

0032) The position of the color filter 70 is not limited to 
the top of the interlayer insulation film 15 (with an SiN film 
71 disposed between the color filter 70 and the interlayer 
insulation film 15). Alternatively, the color filter 70 maybe 
formed on the upper Surface or the underSide of the glass 
substrate 30. A light-shielding film is often provided on the 
upper Surface of the glass Substrate 30 in order to prevent 
external light from irradiating on the drive TFT. In such a 
case, the color filter 70 may be formed in the same layer as 
the light-shielding film to Simplify the manufacturing pro 
CCSS. 

0033 FIG. 2 schematically shows three pixels of R, G, 
and B (the three RGB pixels may be collectively referred to 
as one pixel while calling the individual RGB pixels “sub 
pixels”). In the red R and blue B pixels, the organic emissive 
layer 63 is constituted with a two-layer Structure including 
a blue emissive layer 63b and an orange emissive layer 63.O. 
According to this arrangement, holes and electrons combine 
in regions near the border between the two emissive layers 
63b and 63o, thereby generating both blue light and orange 
light. The light of the two colors in combination are emitted 
as white light. On the other hand, in the green G pixel, the 
organic emissive layer 63 is a single layer composed of an 
emissive material which emits green light. 
0034) Furthermore, the emitted light in red pixel passes 
through a color filter 70R is change to red light and the 
emitted light in a blue pixel passes through a color filter 70B 
is changed to blue light. 

0035. The hole transport layer 62 and the electron trans 
port layer 64 are formed on the entire Surface extending over 
all of the pixels. While the green organic emissive layer 63 
is provided in the organic EL element portions of green 
pixels only, the white organic emissive layer 63 need not be 
Separately formed for the respective pixels and may be 
disposed extending in EL element portions in pixels other 
than the green pixels. 

0036). In the present embodiment as described above, 
with respect to one color, light emitted from the emissive 
material is ejected without change of color. AS explained 
above, when white color is produced by emission of two 
colors, one color among the three primary colors tends to 
have lower intensity compared to the other two colors. For 
example, when light emission is executed by two emissive 
layers of blue and orange, the intensity of green light 
becomes lower than the other colors, as shown in FIG. 3. In 
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order to achieve uniform intensity, an emissive layer which 
emits green light is employed in a green pixel, Such that 
green color can be obtained at a Sufficient intensity level. In 
this manner, effective color display can be accomplished. An 
example of a green emissive material constituting the green 
emissive layer is Alq. 

0037. Furthermore, a microresonator may be provided for 
a pixel of a Specific color or for all pixels in order to Select 
and intensify light of the corresponding color. 

0.038 FIG. 4 shows a configuration in which an optical 
microresonator is provided in a pixel which emits a specific 
color. AS can be seen, a Semi-transmissive film 69 composed 
of a thin film of silver (Ag) or the like is provided on the 
underSide of the transparent electrode 61 at the position of 
the light-emitting region. Accordingly, light generated in the 
organic emissive layer 63 is reflected by the Semi-transmis 
sive film 69. Because the counter electrode 66 functions as 
a reflective layer, the light is repetitively reflected between 
the semi-transmissive film 69 and the counter electrode 66. 

0.039 The interval structure between the semi-transmis 
sive film 69 and the counter electrode 66 is configured such 
that this interval optically functions as a microresonator for 
a specific color. In other words, the optical length of the 
interval is Set to a value obtained by multiplying the wave 
length of a desired color by an integer or a reciprocal of an 
integer (Such as 1/2, 1, and 2). For example, the values of 
refractive indeX for the materials constituting each layer in 
the interval may be approximately as follows: 1.9 for ITO 
constituting the transparent electrode 61; 1.46 for SiO, 
constituting the gate insulation film 13; 2.0 for SiN also used 
for the gate insulation film 13; and 1.7 for the organic layer 
65 including the organic emissive layer 63. By multiplying 
the physical thickness of each layer between the Semi 
transmissive film 69 and the counter electrode 66 by a 
corresponding refractive index, and then Summing the cal 
culated values, the optical thickness of the interval can be 
obtained. In the present embodiment, this optical thickneSS 
is set to a value relative to the wavelength of light to be 
extracted. With this arrangement, the interval between the 
semi-transmissive film 69 and the counter electrode 66 
functions as a microresonator, and enables efficient extrac 
tion of light having a desired wavelength. More specifically, 
light emitted from the organic emissive layer 63 is repeti 
tively reflected between the semi-transmissive film 69 and 
the counter electrode 66, and as a result, light components 
having a specific wavelength are Selectively passed through 
the semi-transmissive film 69. By further repeating such 
reflection within the microresonator, the probability that 
light having the Specific frequency will be ejected can be 
increased, resulting in enhanced efficiency. 

0040. It should be noted that it is preferable to provide a 
color filter 70 even when a microresonator is provided. 
When a microresonator limits light passing through the 
semi-transmissive film 69 as described above, it may be 
considered that the color filter 70 is not a fundamental 
requirement. However, a microresonator basically regulates 
only the wavelength of light that is incident from a direction 
perpendicular to the Surface of the Semi-transmissive film 
69. Accordingly, the wavelength of light ejected from the 
microresonator is highly dependent on the viewing direc 
tion, such that different colors are likely to be detected when 
the panel is viewed at an angle. By providing the color filter 
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70 as in the present embodiment to pass the ejected light 
through the color filter 70, the obtained light would unfail 
ingly have a Specific wavelength. In this manner, the View 
ing angle dependency of the panel can be Substantially 
eliminated. 

0041. A microresonator may also be provided for a pixel 
in which white light is emitted, as shown in FIG. 5. As can 
be seen, the emissive layer 63 is constituted with a two-layer 
Structure including a blue emissive layer 63b and an orange 
emissive layer 63.O. Using a microresonator, a Specific color 
among the emitted white light is intensified and Selected, and 
further selected by a color filter 70 to be ejected. 
0042. While the above-described embodiments refer to a 
bottom emission type panel in which light is ejected via the 
glass Substrate 30, an EL panel according to the present 
invention may alternatively be configured as top emission 
type in which light is ejected via the cathode. FIG. 6 shows 
a configuration of a pixel portion of a top emission type 
panel provided with a microresonator. In this example, a 
transparent cathode 90 composed of ITO is employed as the 
cathode. Further, a semi-transmissive film 91 is disposed on 
the underside of the transparent cathode 90. 
0043. Furthermore, a metal reflective layer 93 is formed 
under the transparent electrode 61. The interval structure 
between the surface of the metal reflective layer 93 and the 
Semi-transmissive film 91 functions as the microresonator. 

0044) In this embodiment, the color filter 70 is provided 
on the underside of a sealing substrate 95. It should be noted 
that the sealing Substrate 95 connects to the substrate 30 at 
its peripheral portion alone, and Serves to Seal the upper 
Space of the Substrate 30 having components Such as the 
organic EL element formed thereon. When the microreso 
nator needs to be eliminated from the pixel configuration of 
FIG. 6, this can be achieved by simply omitting the semi 
transmissive film 91. When the organic emissive layer 63 is 
a single layer which emits a specific color, the color filter 70 
may be unnecessary. 

0045 While the TFTs in the above embodiments are 
described as top gate type TFTs, bottom gate type TFTs may 
alternatively be used. 
0046 FIGS. 7-11 diagrammatically illustrate example 
pixel configurations of an organic EL panel according to the 
present invention. To Simplify explanation, only the char 
acteristic Structures are Schematically shown in these draw 
ings. The electrodes are not shown, and the electron trans 
port layer and hole transport layer are omitted where 
appropriate. 

0047. The pixel structure of FIG. 7 includes two types of 
organic emissive layers, namely, a white organic emissive 
layer (white EL) and a green organic emissive layer (green 
EL). With respect to the white EL, a red color filter (RCF) 
and a blue color filter (BCF) are arranged. In this manner, 
pixels of three colors of RGB are provided. 
0048 FIG. 8 shows a configuration identical to FIG. 7 
except in that the electron transport layer (ETL) is provided 
as a layer common to the three pixels while the hole 
transport layer (HTL) is formed independently for each 
pixel. 

0049. In contrast to FIG. 8, FIG. 9 shows the hole 
transport layer (HTL) as a layer provided commonly to the 
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three pixels while illustrating the electron transport layer 
(ETL) as being formed independently for each pixel. 

0050. In FIG. 10, a blue color filter (BCF) is arranged 
with respect to a portion of the white EL, such that blue and 
white light can be obtained from the white EL. Further, a red 
organic emissive layer (red EL) and a green organic emis 
Sive layer (green EL) are disposed without corresponding 
color filters, Such that light from those ELS is ejected in the 
emitted form. A panel which emits four colors of R, G, B, 
and W (red, green, blue, and white) can be provided in this 

C. 

0051 FIG. 11 shows a configuration identical to FIG. 7 
except in that the hole transport layer (HTL) and the electron 
transport layer (ETL) are both formed commonly for a 
plurality of pixels (Such as all pixels). 
0.052 FIG. 12 schematically shows a further example 
configuration. It should be noted that, in FIG. 12, the TFT 
structure and the structure connecting the TFT and the 
transparent electrode 61 are not shown. 
0053 A red color filter 70R is arranged below the trans 
parent electrode 61 in a red pixel, while a green color filter 
70G is arranged below the transparent electrode 61 in a 
green pixel. In these red and green pixels, the blue organic 
emissive layer 63b and the orange organic emissive layer 
63O are provided in lamination. A blue pixel includes the 
blue organic emissive layer 63b, but does not include a color 
filter. 

0.054 The hole transport layer 62, blue organic emissive 
layer 63b, electron transport layer 64, and counter electrode 
66 are formed extensively over the entire surface so as to 
Serve commonly for all pixels. The orange organic emissive 
layer 63O is provided commonly in all pixels other than blue 
pixels. 
0.055 According to this arrangement, the blue organic 
emissive layer 63b can be simply formed over the entire 
Surface, thereby allowing to Simplify the manufacturing 
proceSS. 

0056 Furthermore, the color filter in the above embodi 
ment can be replaced with a color conversion layer. One 
example of color conversion layer that may be used for this 
purpose is described in Japanese Patent Laid-Open Publi 
cation No. 2003-187975. Using this color conversion layer, 
a specific color can be converted into another specific color. 
Accordingly, instead of white light, light generated in a 
Specific color can be used to obtain light of other colors. For 
example, light emitted by a blue emissive layer may be 
converted into red and green light. In this case, a Single blue 
emissive layer alone is formed as the organic emissive layer 
over the entire Surface. Further, red and green pixels are 
provided with color conversion layerS for converting the 
emitted blue light into red and green light, respectively. Each 
of the RGB pixels can be realized in this manner. 
0057 FIG. 13 illustrates the above-described pixel con 
figuration using color conversion layers. AS can be seen, the 
blue organic emissive layer 63b alone is provided as the 
organic emissive layer, and this layer is formed extensively 
over the entire Surface (that is, commonly for all pixels). 
Further, a color conversion layer 80R for converting blue 
light into red light is provided in the red pixel, while a color 
conversion layer 80G for converting blue light into green 
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light is provided in the green pixel. In the blue pixel, the 
emitted blue light is allowed to be ejected as is, without 
providing any color conversion layer. According to this 
arrangement, all of the hole transport layer 62, organic 
emissive layer 63 (63b), and electron transport layer 64 can 
be formed extensively over the entire substrate (commonly 
for all pixels), thereby simplifying the manufacturing pro 
CCSS. 

What is claimed is: 
1. An organic EL panel formed by arranging a plurality of 

pixels each including an organic EL element, wherein 
each of the organic EL elements includes an organic layer 

provided between first and Second electrodes, and emits 
light when a Voltage is applied between the first and 
Second electrodes to allow a current to flow in the 
organic layer; 

among the plurality of organic EL elements, an organic 
EL element for a Specific color includes an organic 
layer for emitting light of the Specific color and ejects 
this light; and 

an organic EL element for another color includes an 
organic layer for emitting white light and ejects light by 
limiting the white light to the another color using a 
color filter. 

2. An organic EL panel as defined in claim 1, wherein 

each of the organic EL elements includes at least a hole 
transport layer and an organic emissive layer as the 
organic layer; and 

the hole transport layer is formed as a layer common with 
respect to the emissive layers for a plurality of colors. 

3. An organic EL panel as defined in claim 1, wherein 
each of the organic EL elements includes at least an electron 
transport layer and an organic emissive layer as the organic 
layer; and 

the electron transport layer is formed as a layer common 
with respect to the emissive layerS for a plurality of 
colors. 

4. An organic EL panel as defined in claim 1, wherein 

each of the organic EL elements includes at least a hole 
transport layer, an electron transport layer, and an 
organic emissive layer as the organic layer; and 

the hole transport layer and the electron transport layer are 
formed as layerS common with respect to the emissive 
layerS for a plurality of colors. 

5. An organic EL panel as defined in claim 1, wherein 
the color filter includes color filters for two colors, and the 

organic EL elements for the two colors include an 
organic layer for emitting white light. 

6. An organic EL panel as defined in claim 1, wherein 
in at least a number of the plurality of pixels, light emitted 

from the organic layer for emitting white light is ejected 
as white light in the emitted form. 

7. An organic EL panel as defined in claim 1, wherein 
a thin film transistor for driving an organic EL element is 

provided corresponding to each of the plurality of 
organic EL elements, 
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the plurality of organic EL elements are formed in a layer 
located above the corresponding thin film transistors, 
with a planarization film disposed between the organic 
EL elements and the thin film transistors. 

8. An organic EL panel as defined in claim 1, wherein 
the plurality of organic EL elements are formed on a pixel 

Substrate; 
a counter Substrate is arranged opposing the pixel Sub 

Strate; and 
the color filter is formed on the counter Substrate. 
9. An organic EL panel as defined in claim 1, wherein 
a microresonator for intensifying light of the Specific 

color is provided with respect to the organic EL ele 
ment which emits light of the Specific color. 

10. An organic EL panel as defined in claim 1, wherein 
a microresonator for intensifying light having color of the 

color filter is provided with respect to the organic EL 
element which ejects light of the other color. 

11. An organic EL panel as defined in claim 5, wherein 
the organic layer for emitting white light is composed of 

a. lamination of emissive layers which emit light of two 
different colors; and 

the organic layer for emitting light of the Specific color is 
formed by extending one of the emissive layers. 

12. An organic EL panel as defined in claim 11, wherein 
the organic layer for emitting light of the Specific color is 

formed commonly for all of the pixels. 
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13. An organic EL panel as defined in claim 11, wherein 
the organic layer for emitting white light is composed of 

a lamination of two layers including a blue emissive 
layer and an orange emissive layer; and 

the organic layer for emitting light of the Specific color is 
composed of the blue emissive layer. 

14. An organic EL panel formed by arranging a plurality 
of pixels each including an organic EL element, wherein 

each of the organic EL elements includes an organic layer 
provided between first and Second electrodes, and emits 
light when a Voltage is applied between the first and 
Second electrodes to allow a current to flow in the 
organic layer; 

among the plurality of organic EL elements, an organic 
EL element for a first color includes an organic layer for 
emitting light of the first color and ejects this light; and 

an organic EL element for a Second color includes an 
organic layer for emitting light of the first color and 
ejects light by converting the emitted light into light of 
the Second color using a color conversion layer. 

15. An organic EL panel as defined in claim 14, wherein 
the organic layer for emitting light of the first color is formed 
commonly for all of the pixels. 

16. An organic EL panel as defined in claim 15, wherein 
the first color is blue. 


